JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of content in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms of scholarship. For more information about JSTOR, please contact support@jstor.org.
Introduction
The way individuals deal with trade-offs imposed by resource limitation and biotic interactions between predators and competitors is constrained by intrinsic individual-specific genetic (Lynch 2007 ) and physiological properties (Lancaster et al. 2008 ). In such circumstances, individuals cannot simultaneously maximize all life-history traits (MacArthur and Wilson 1967; Stearns 1989 ) but have to deal with trade-offs in an adaptive way depending on prevailing environmental and social conditions (Pianka 1970) . One classic example is the effect of seasonality in temperate zones, causing fluctuations in the availability of resources and occurrence of stressful factors such as low ambient temperatures during winter. In contrast, in the tropical zones resources are less abundant but more homogeneously available through time and space. These contrasting ecological conditions promote the evolution of whole series of physiological traits (e.g., metabolic, hormonal, immunity), resulting in fast and slow paces of life in the temperate and tropical zones, respectively (Dobzhansky 1950; Saether 1988; Promislow and Harvey 1990; Wiersma et al. 2007; Reale et al. 2010) . Such adaptive life-history strategies have been mainly studied across species or populations of the same species (Saether 1988; Rushton 2004) but only rarely among genotypes living in the same population (Gross 1985; Sinervo and Lively 1996; Sinervo et al. 2000; Vercken et al. 2007 ). These strategies rely on the two most important life-history trade-offs, namely, reproduction versus survival and offspring number versus quality (Stearns 1989) . For instance, one genotype may favor reproduction over survival and in turn offspring number over quality, whereas another genotype may adopt the opposite strategy, namely maintenance over reproduction and hence offspring quality over number.
The long-lived color polymorphic tawny owl (Strix aluco) is a prime model species to investigate whether genotypes (identified by heritable coloration) differently deal with lifehistory trade-offs. This species exhibits a continuous interindividual variation in melanin-based coloration (i.e., from light to dark reddish melanic), for which the expression is under strong genetic control and is not or is only weakly sensitive to environmental conditions (Brommer et al. 2005; Gasparini et al. 2009a; Emaresi et al. 2013) . Importantly, studies performed in various countries have reported colorspecific norms of reaction to reproductive ) and rearing conditions , food supply (Piault et al. 2009 ), pathogens (Gasparini et al. 2009a (Gasparini et al. , 2009b Karell et al. 2011a) , and climatic conditions (Karell et al. 2011b ), leading to differences in the lifetime production of recruits (Brommer et al. 2005 ) and the probability of skipping reproduction (Roulin et al. 2003) . These genotype-by-environment (G # E) interactions may highlight the evolution of color-specific (i.e., genotype-specific) strategies to deal with life-history trade-offs. In females for instance, melanin-based coloration covaries with offspring growth rate; dark melanic foster and genetic mothers producing nestlings in better condition than light melanic mothers . Given their aptitude to cope with stressful reproductive conditions (Roulin et al. 2003 Piault et al. 2009; Roulin et al. 2011 ), evolution may have favored light melanic owls to produce offspring that were numerous but of poorer quality, potentially explaining the observed lower parental care per nestling (i.e., higher rate of nest predation; Da Silva et al. 2013) . In contrast, dark melanic owls breed more regularly (Roulin et al. 2003) , and their offspring grow particularly well under prime rearing conditions Piault et al. 2009 ). These characteristics should lead them to produce a limited number of offspring, but of higher quality, which induces higher parental care per nestling (lower rate of nest predation; Da Silva et al. 2013 ) but enables the allocation of sufficient resources for maintenance traits such as immunocompetence (Gasparini et al. 2009a (Gasparini et al. , 2009b and in turn survival (Karell et al. 2011b) .
In this study, we tested how differently colored individuals deal with the life-history trade-off between offspring number and quality (i.e., body mass and recruitment) as well as between reproductive effort and survival. To this end, we monitored a Swiss population of tawny owls during eight consecutive years while experimentally manipulating brood sizes of differently colored individuals to modify effort in parental care (Roulin et al. 2011enlarged or reduced brood in terms of offspring number and quality as well as survival from one year to the next. This experiment was repeated for 6 years to investigate whether rearing experimentally enlarged (or reduced) broods over consecutive years increases the likelihood to detect color-specific life-history strategies.
Methods

Study Organism
The tawny owl is a territorial predator that breeds in Eurasian forests. It is monogamous, produces one brood per year, is highly philopatric, and can live for up to 20 years (Galeotti 2001 ). This owl is relatively resistant to harsh winters and can start to breed in January. Sex roles in reproduction are clearly defined, with the mother incubating the eggs, brooding the offspring, distributing food among the progeny, and protecting the nest against predators (Da Silva et al. 2013) . The male parent hunts most prey items delivered to the brood. Nestlings leave their nest at 25-30 days of age, usually before they are fully able to fly. Plumage varies from light to dark reddish, a nonsexually dimorphic trait ). In contrast, there is a pronounced sexual size dimorphism with females being on average 5%-10% larger and 20%-25% heavier than males (Glutz von Blotzheim 1980) .
General Method
We monitored a tawny owl population between 2005 and 2011 within a 911-km 2 study area in western Switzerland, where we installed 366 nest boxes in forest patches of at least 4,000 m 2 ; the minimum distance between two nest boxes was 627 m. These managed forest patches are located at a mean altitude of 672 m (range: 458-947 m) and are composed mainly of beeches (Fagus sylvatica), oaks (Quercus spp.), and pure spruce (Picea abies; Roulin et al. 2011 
Assessment of Plumage Coloration
The tawny owl has heterogeneous plumage color patterns that vary continuously in the degree of reddishness (Gasparini et al. 2009a) . Variation is so pronounced (see pictures in Da Silva et al. 2013 ) that we visually scored adult plumage coloration in the field on the basis of five distinct color categories (1 p reddish, 2 p reddish brown, 3 p brown, 4 p brown gray, 5 p gray; Roulin et al. 2005 ). Because we recently found that a so-called gray coloration reflects an absence of melanin pigments stored in feathers, the scale we used in previous articles is a bit counterintuitive (a larger score indicates a lower degree of melanism). To obtain a more intuitive scale from light to dark melanic, we multiplied the above color scores by Ϫ1. The scoring was also consistent regardless of which biologist was doing it, as evidenced by high interannual repeatability . Visual scoring into catr p Ϫ0.80 n p 302 P ! .0001 egories takes into consideration the whole plumage coloration, and this approach is therefore more representative of bird coloration than measuring it on the basis of a couple of back feathers (Brommer et al. 2005; Vercken et al. 2008) . As we have already demonstrated elsewhere that birds do not change coloration at adulthood in any consistent way (Roulin et al. 2003) , we calculated a mean color score value for individuals that were captured and color scored on several occasions during the entire study period (median is 2 captures and scoring per individual, range 1-13). All the statistical analyses were performed using this individual mean visual score which can be considered as a continuous variable (see fig. 2 in Da Silva et al. 2013; Emaresi et al. 2011) . ). We captured 274 female parents during in-P ! .0001 cubation or just after hatching and 252 male parents when their offspring were 10-15 days of age. The probability of capturing males was independent of the brood size manipulation treatment (logistic regression: , 2 x p 0.79 , ). To estimate nestling growth, nestlings df p 1 P p .51 were recaptured every 5 days until they left the nest at 25-30 days of age (mean number of captures per ). On capture, individuals individual ‫ע‬ SD p 5.0 ‫ע‬ 1.2 were weighed to the nearest gram, their left wing length was measured to the nearest 1 mm and their left tarsus to the nearest 0.1 mm. Adult wing and tarsus lengths were not associated with plumage coloration (Pearson's correlations, P values 1.47).
Experimental Procedure
Plumage coloration, wing and tarsus lengths of breeding adults (197 
Statistical Procedures
Using our long-term data set of population monitoring, we examined whether tawny owls showed color-specific survival rates, based on capture-mark-recapture techniques (Lebreton et al. 1992 ). This approach accounts for the fact that individuals may not have been captured in years when they were in fact alive. Our starting model was the classic Cormack-Jolly-Seber model with time-dependent survival and recapture probabilities for male and female tawny owls. We first simplified the basic structure of this model and selected the most parsimonious structure based on the sample-size-adjusted Akaike Information Criterion (AIC c ). We then included color score as a timeconstant individual covariate and treatment (enlarged, reduced, or not manipulated) as a time-varying individual covariate in the model. We also examined possible interactions between tawny owl coloration and brood size treatment and the three-way interaction between sex, coloration, and treatment. When considering only the manipulated broods, we obtained similar results (not shown). Finally, we examined whether treatment in the previous year had an effect on current survival and whether this interacted with the current brood size treatment, to see whether sustained exposure to one treatment had particularly large effects. All models were fitted in MARK 6.0 (White and Burnham 1999) .
Out of the 388 experimentally manipulated broods, 274 produced fledglings. We were able to capture both breeding adults for 252 broods. In five cases, male captures potentially led to nestling desertion, constraining us to exclude these broods from the statistical analyses. To examine how differently colored birds deal with the tradeoff between offspring number and quality, we considered a subset of 235 broods producing at least one fledgling and 12 predated broods. We still considered predated broods in our analyses since nest defense behavior is likely to be involved in key life-history trade-offs (Montgomerie and Weatherhead 1988; Wolf et al. 2007) , and since the intensity of nest defense behavior is correlated with coloration in the tawny owl (Da Silva et al. 2013 ; see also Emaresi et al. 2011) . To test whether plumage coloration of the rearing parents was associated with variation in fledgling production, we performed a linear mixed-model ANCOVA including the number of fledglings as dependent variable and year and identity of the male that reared the brood as two random factors. Hatching date of the first egg and brood size before manipulation were introduced as covariates in the model, while brood size manipulation treatment and coloration of the parents that reared the brood were entered as independent variables, plus all possible interactions between the latter three variables. Since raising an enlarged brood over several consecutive years may have devastating long-term effects on reproductive success, we considered males for which we manipulated their brood in two successive years. We performed a linear mixed-model ANCOVA including the number of fledglings in the second breeding year as dependent variable and year and male identity as two random factors. Using hatching date of the first egg and brood size before manipulation in the second breeding year as covariates, we introduced class of successive brood size manipulation treatments in year X 1 and year X 2 (i.e., enlarged-enlarged; reduced-reduced; enlarged-reduced and reduced-enlarged) and rearing male coloration as independent variables, plus the two-way interaction between both variables.
To investigate color-specific variation in offspring quality, we performed a linear mixed-model ANCOVA including nestling body mass measured just before fledging (i.e., at a age of days) as dependent mean ‫ע‬ SD 26 ‫ע‬ 3 variable and year and brood identity as two random factors. Note that it was not possible to measure all nestlings at exactly the same age because within the same brood there is variation in age due to hatching asynchrony (mean age difference between two nest mates was 1.8 days). We introduced time of the day when nestlings were captured, nestling wing length, and nestling sex as covariates. We entered brood size manipulation treatment, coloration of the rearing male and rearing female, plus all possible interactions between these three variables as independent variables. In another similar model, we examined whether a relationship between nestling body mass and parental coloration differed between cross-fostered and non-crossfostered individuals.
Finally, we tested whether the proportion of fledglings that were recruited as breeders in the local population in following years covaried with plumage coloration of the rearing father and mother. We used a generalized linear mixed model with a binomial error structure and logit link, considering the number of recruits from a brood as the dependent variable and the number of fledglings from the same brood as the binomial denominator. Year and male identity were entered as two random variables, mean nest mate body mass and hatching date were introduced as covariates, and brood size manipulation and coloration of the rearing father and mother were entered as independent variables, plus the two-way interaction between both variables. To investigate the relationship between recruitment probability and melanin-based coloration, we tested whether natal dispersal between the nest where an individual fledged and the nest where it bred for the first time was associated with its own coloration or the coloration of its parents. We had a sample of 131 recruits raised in experimentally enlarged ( ) or reduced n p 76 ( ) broods. Natal dispersal distance varied between n p 55 0.75 and 23.63 km (mean is 5.12 km).
For each linear mixed-effects model, we ran full factorial models and then dropped nonsignificant terms (starting with nonsignificant interactions) in a stepwise manner in order to produce minimum adequate final models. Note that all significant terms in the final model were already significant before removing nonsignificant terms. Statistical tests were two-tailed, and significance level was set to .05. Mother identity was entered as a random variable in preliminary models, but as maternal coloration did not account for variation in breeding parameters, we removed it from final models. Clutch size, brood size at fledging, and nestling body mass followed a normal distribution. In all models, residuals were normally distributed and variances were homogeneous between treatments. Linear mixed models were performed using JMP IN 8.0 and generalized linear mixed models in R, version 2.12 (Comprehensive R Archive Network).
Results
Color-Specific Survival
According to the most parsimonious model structure that kept survival constant across sexes and years and allowed the recapture rates to vary over the years and between the sexes (model 7, table 1), survival was 0.69 ( ). SE p 0.02 Adding color scores to this model resulted in a better fit, indicating that darker melanic owls survived better than lighter melanic ones (models 1-3, table 1; fig. 1 ). We found no evidence that the brood manipulation experiment affected survival, either directly (model 4, table 1) or through interactions with color or sex (models 5 and 8, table 1).
Color-Specific Reproductive Success
The effect of paternal (but not maternal) coloration on the number of fledglings differed significantly between enlarged and reduced broods (model A, Note: The models consisted of parameters modeling survival (J) and those modeling recapture probabilities (P). We examined the effects of year, sex, coloration (col) and brood size treatment (treat), either as main effects only (symbolized by a plus sign) or as main effects and interactions (#). The different treatments were brood size enlargement, reduction, or not manipulated, which were entered as time-varying covariates. Broods of owls that were not captured were not manipulated. Model selection was based on Akaike's Information Criterion (AIC c ); Akaike weights give the relative support a particular model has in relation to the others; and K is the number of estimated parameters.
When we considered males for which we manipulated the size of their brood in two successive years, the interaction between the category of successive treatments (i.e., reduced-reduced, reduced-enlarged, enlarged-reduced, enlarged-enlarged) and paternal coloration on the number of fledglings produced in the second year was highly significant (model A, Whatever the brood size treatment, darker melanic males produced consistently two or three fledglings, whereas light melanic males produced about 1 fledgling when brood was experimentally reduced and five when enlarged ( fig. 3 ).
Color-Specific Offspring Body Mass
We detected a significant interaction between the brood size manipulation experiment and coloration of the rearing father on fledging body mass (table A3A; , F p 10.40 1, 226.5 ). This effect was independent of nestling origin P p .001 (i.e., the "cross-fostered" factor was not significant, alone or in interaction with coloration of foster father and/or the brood size manipulation, P values 1.10; model not shown). In the same model, maternal coloration was not significant alone or in interaction with brood size manipulation experiment and paternal coloration (P values 1.14, table A3A). In the enlarged treatment, darker melanic males produced fewer offspring that were heavier than those produced by lighter melanic males ( , F p 4.11 1, 106.1 ), whereas no relationship between offspring P p .045 body mass and paternal coloration was detected in the reduced treatment ( fig. 4 ; table A3B, A3C;
). P p .57
Color-Specific Recruitment Rate
We further investigated the links between paternal coloration, offspring condition at fledging and recruitment of those offspring raised in either reduced or enlarged broods. We tested whether the likelihood of being recruited in the local breeding population is associated with parental coloration, offspring condition, or treatment entered in the same model. Accordingly, we found a significant interaction between brood size manipulation experiment and coloration of the rearing male on the proportion of offspring per brood recruited as breeders in the local population in following years, independently of the mean offspring body mass (model A, table A4; , z p 2.42 P p ). Nestlings raised by dark melanic males were more .016 frequently recruited when experiencing an experimentally reduced brood (model B, table A4;  ,  ) , z p 2.41 P p .016 whereas in the enlarged treatment there was no relationship between paternal coloration and the probability of producing at least one recruit (model C, table A4; z p , ). This outcome is not a consequence of Ϫ0.37 P p .71 Residual fledgling production recruit coloration did not modify our conclusion; that is, there was no effect of offspring coloration on their dispersal distances. It is notable that, because in our analysis we considered only nests that produced at least one fledgling, this result cannot be explained by a lower predation rate in nests raised by darker melanic males (Da Silva et al. 2013) .
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Discussion
Evolutionary biologists usually consider that intra-and interpopulation variation in the degree of coloration is due to the expression of coloration being condition dependent (Rowe and Houle 1996) . Therefore, we need a mechanism to explain the evolutionary stability of color traits for which the interindividual variation is almost purely accounted by genetic factors as in the tawny owl . Pigmentation often covaries with life-history traits (Roulin 2004; McKinnon and Pierotti 2010) but whether it is associated with the way individuals deal with life-history trade-offs is usually unknown or suspected (Vercken et al. 2007 ) but rarely demonstrated (Sinervo et al. 2000) . This is, however, a key issue as it could explain how heritable variation in traits used in various contexts, including intraspecific communication and predator-prey interactions, can remain evolutionary stable. If dealing with life-history trade-offs is sensitive to the environment in a color-specific way, these norms of reaction or genotype-by-environment interaction could account for spatiotemporal variation in genetically determined coloration.
Color-Specific Reproductive Strategies
We examined in the tawny owl the association between variation in the degree of melanin-based pigmentation, 
Number of fledglings in year 2
Figure 3: Number of fledglings in relation to melanin-based coloration of the father and brood size manipulation experiment in the tawny owl. We considered number of fledglings produced after 2 years of having manipulated brood size for the same breeding males. EnlargedEnlarged: number of fledglings in year 2 for males with their brood size enlarged in years 1 and 2 (linear regression, , ); n p 10 P p .003 Reduced-Reduced; with their brood size reduced in years 1 and 2 (linear regression, , ); Reduced-Enlarged: with their brood n p 9 P p .017 size reduced in year 1 and enlarged in year 2 (linear regression, , ); and Enlarged-Reduced: with their brood size enlarged n p 11 P p 0.24 in year 1 and reduced in year 2 (linear regression, , ). Significant linear regressions are illustrated by straight regression lines, n p 12 P p .89 whereas nonsignificant linear regressions are illustrated by dashed regression lines.
survival, and several measures of reproductive success. Compared to light melanic males, darker-colored males had higher survival but produced fewer offspring in experimentally enlarged broods. Yet, these offspring were in better condition than offspring of light melanic males and were more often recruited as breeder in the local population.
Lighter melanic males better coped with two consecutive energy-demanding breeding seasons than darker melanic males (i.e., they produced more offspring in experimentally enlarged broods), while darker melanic males better managed two consecutive reduced broods than lighter melanic males (i.e., they produced more offspring in experimentally reduced broods). Dark melanic males produced around three fledglings in the two brood size treatments, whereas light-colored males raised about one fledgling in reduced broods but five to six in enlarged broods (see fig.  3 ). This supports the idea ) that dark melanic owls adopt a rather constant reproductive strategy independently of environmental conditions by investing a 
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Figure 4: Fledging body mass in relation to paternal melanin-based coloration and brood size manipulation experiment in the tawny owl. For this graph, but not for the analyses, we calculated mean offspring body mass for each adult male, while controlling for nestling sex, wing length, time of the day, and year (i.e., residual body mass). The relationship is significant in experimentally enlarged broods (Pearson's correlation: , different males, r p Ϫ0.23 n p 123 ) but not in experimentally reduced broods ( , P p .008 r p 0.10 different males, ). Significant linear regressions are n p 115 P p .28 illustrated by straight regression lines, whereas nonsignificant linear regressions are illustrated by dashed regression lines. fixed effort to raise a given number of offspring whatever the initial size of their clutch. In contrast, light melanic owls adopt a flexible strategy by producing more offspring than dark melanic owls when conditions permit (i.e., enlarged-enlarged treatment in fig. 3 ). The potential coexistence of generalists that adopt a flexible strategy and of specialists that adopt a fixed strategy (Svanback and Schluter 2012) suggests genetic variation in life-history reaction norms associated with melanin-based coloration (see fig. 5 in Roulin and Ducrest 2013) . Such genetic variation has been demonstrated in some organisms (e.g., Hutchings et al. 2007; van de Pol 2012) and raises a number of issues regarding how variation in reaction norms can evolve and be evolutionary stable. For instance, de Jong and Gavrilets (2000) found that genetic variation in reaction norms is higher in environments that are less variable. It would be interesting to examine whether variation in coloration is more pronounced in tawny owl populations living in homogeneous environments compared to those in heterogeneous environments. This is an important issue as the coexistence of specialists and generalists in the same population is usually considered to be restricted to some specific ecological conditions (Egas et al. 2004) .
The hypothesis that light-colored individuals finely adjust their investment in reproduction in relation to environmental conditions, whereas dark individuals maintain a constant effort implies that they should also differ in a suite of behavioral, ecological, and physiological attributes (Ricklefs and Wikelski 2002; Reale et al. 2010) . Accordingly, we found that light-colored females reduced their levels of the POMC prohormone (precursor of the pleiotropic melanin-stimulating hormone that triggers the production of eumelanin and many other phenotypes; Ducrest et al. 2008 ) when we experimentally enlarged their brood while dark melanic females did not modify their hormone levels . The finding that dark melanic tawny owls have a higher survival prospect than lighter conspecifics ( fig. 1) implies that differently colored individuals should differentially allocate resources among life-history traits (MacArthur and Wilson 1967; Pianka 1970; Mcleod et al. 1981; Stearns 1992) . Given the pattern of color-specific survival (which was independent of the brood size manipulation experiment), we would predict that darker melanic owls favor offspring quality over number (Pianka 1970) . In line with this prediction, differently colored male tawny owls did not deal with the trade-off between offspring number and quality in a similar way. Dark melanic males produced fewer but higher-quality offspring that were more often recruited in the local breeding population than offspring of lighter melanic males. Interestingly, the production of higher-quality offspring by darker males was detected in the two brood size treatments but not for the same fitness offspring trait. When brood size was experimentally enlarged darker melanic males produced heavier offspring than lighter melanic males; when we experimentally reduced broods darker melanic males produced more recruits independently of body mass than lighter melanic males. This suggests that darker melanic males are able to produce higher-quality offspring with respect to alternative phenotypic traits in different environments.
In our population, the fine-tuned investment in reproduction related to breeding conditions by lighter melanic males does not appear to be the best strategy, since darker melanic males produced more recruits and showed higher survival, a situation that may differ between populations. For instance, in a Finnish population lighter melanic males achieved a higher fitness (Brommer et al. 2005) . In Switzerland, the strategy adopted by light-colored males was to produce a larger number of offspring, but this did not result in more recruits. Although light melanic males have a lower survival than darker melanic conspecifics, this was apparently not because they invest more effort in reproduction, since color-specific survival was independent of the brood size manipulation experiment (this study) and since they reproduce less often than darker melanic conspecifics (Roulin et al. 2003) . A possible explanation for this result is that light melanic males are not well adapted to the environmental conditions currently prevailing in our population (a similar situation as found in the color polymorphic common buzzard Buteo buteo; Krüger et al. 2001 ). This interpretation may explain why we already found that light-colored tawny owls invest more effort to cope with various stressful factors (Roulin et al. 2003 Gasparini et al. 2009a; Piault et al. 2009 ). This energy-demanding strategy may allow individuals to be constantly adapted to the prevailing environmental conditions, but apparently this strategy is currently not the best one in our population. Potentially, the costs incurred by this strategy may be too high, and, as described by Ernande and Dieckmann (2004) , light melanic individuals may be "jack[s] of all trades but master[s] of none." The strategy deployed by dark melanic males by taking good care of a limited number of high-quality offspring appears to be more successful. These males invest a rather fixed budget in reproduction as shown by the fact that darker melanic birds had a higher survival independently of the brood size manipulation experiment. To conclude, darker melanic males achieve a higher fitness by surviving longer, breeding more often in a lifetime (Roulin et al. 2003) , being less often depredated (Da Silva et al. 2013) , and by producing heavier offspring and offspring that were more often recruited for other reasons than just because they are heavier (this study). This demonstrates that melaninbased coloration is associated with reproductive strategies and life-history trade-offs, an important result given the increased interest among evolutionary biologists in the adaptive function of pigmentation.
Evolutionary Stability of Color Variation and the Associated Reproductive Strategies
In the tawny owl, as in other birds (Roulin 2004 ) and animals (Mann and Sefc 2013) , variation in melanin-based coloration is often under strong genetic control. This provides an opportunity to investigate whether in different organisms a given color pattern (dark or light melanic) is associated with similar or different adaptations and to examine how color variation is evolutionary stable. In this context, the finding that darker melanic tawny owls achieve a higher fitness is consistent with two mutually exclusive scenarios. First, the polymorphism is transient with darker melanic individuals currently invading populations. This situation may frequently occur because species that display a high degree of color variation (so-called color polymorphic species) are relatively rare in animal populations (Galeotti et al. 2003) , suggesting that in monochromatic species mutations encoding for a new color morph are rare or selectively neutral (or even detrimental) but only rarely advantageous. An alternative is that once a color polymorphism is established, one morph (the ancestral or derived one) performs better and thus invades the population. Second, color polymorphism is maintained by frequency-dependent selection (Losey et al. 1997; Gigord et al. 2001) or local adaptation (Kassen 2002; Bell 2010 ). Due to stochastic environmental perturbation there might be periods during which one phenotype temporarily achieves a higher fitness. We believe that this last scenario is the most likely because the tawny owl is color polymorphic throughout its range (Galeotti 2001) . Furthermore, in a Finnish population, a short-term study showed that light-colored tawny owls achieve a higher fitness than dark melanic conspecifics (Brommer et al. 2005) , whereas throughout Finland, dark melanic owls currently perform better apparently as a consequence of climate warming (Karell et al. 2011b) . Therefore, our results showing that darker melanic owls produce more recruits and have a higher survival may be a transient situation that can be observed in short-term studies and reflect shortterm temporal perturbation around an evolutionary equilibrium. Although flexibility in behavior should allow organisms to finely track changes in their environment, behavioral plasticity as shown by light-colored males can entail substantial costs (DeWitt et al. 1998) . Behaving optimally in any situation implies the allocation of resources by trying some suboptimal behavior, especially if there is little information about the environment. A game-theoretic model (McElreath and Strimling 2006) demonstrated that situations where individuals have noisy information about environmental conditions, combined with differences in individual state (e.g., morphological differences such as melanin-based coloration), can lead to evolutionarily stable strategies within a single population. Depending on environmental stochasticity in habitat quality, individuals perform better by displaying alternative behaviors, especially those affecting life-history decisions. Adopting a fixed behavioral tactic, as shown by dark melanic males, can be the best solution rather than trying to predict and adapt to all situations as performed by lighter melanic conspecifics (Sih et al. 2004; Bell 2007; Wolf et al. 2007 ). This proposition is consistent with our findings that dark melanic males survive longer and produce more recruits than light melanic ones. Here, we suggest that different genetically inherited color variants can be maintained within populations because of temporal fluctuations in selective regimes favoring flexible or constant reproductive strategies (Hedrick 1986) , induced by environmental fluctuations in food availability. There are indeed situations where producing more offspring even at the expanse of quality can be favored. When the carrying capacity of a population is higher than the total number of breeding pairs, individuals may better produce more offspring to fill the unoccupied territories. In contrast when food becomes scarce, the carrying capacity of a population may drastically decrease, favoring the production of higher quality offspring at the expense of offspring number (Stearns 1992 ). More long-term studies are required to examine the relationship between population dynamics and fluctuations in the benefits of alternative strategies to deal with the trade-offs between offspring number and quality and between reproductive investment and selfmaintenance.
